The delivery of benzyl penicillin to Staphylococcus aureus biofilms by use of liposomes.
The delivery of benzyl penicillin [penicillin G (pen-G)] encapsulated in cationic liposomes to a pen-G-sensitive strain of Staphylococcus aureus immobilized in biofilms has been investigated. The cationic liposomes prepared by extrusion (VETs, diameter approximately 140 nm) were composed of dipalmitoylphosphatidylcholine (DPPC), cholesterol, and dimethylammonium ethane carbamoyl cholesterol (DC-chol) at a molar ratio of 1.0:0.49:0.43. This composition containing 22 mole% of the cationic lipid DC-chol has been found previously (Kim et al. Colloids Surfaces A 1999, 149, 561-570) to be optimum for adsorption of the liposomes on S. aureus biofilms. The effectiveness of the liposomes to deliver pen-G to the biofilms immobilized on microtitre plates was assessed from the rate of growth of the cells after exposure to the liposomal drug carrier relative to free pen-G at the same concentration. The time to reach maximum growth rate from biofilms was investigated as a function of overall drug concentration in a range 2.9 x 10- 3 mM to 1.09 mM and as a function of time of exposure to liposomal drug in a range 1.5 s to 2 h. Liposomal drug delivery was most effective relative to free drug at low overall drug concentrations and short times of exposure. The time to reach maximum growth rate from S. aureus biofilms could be extended by a factor of approximately 4 relative to free drug by the use of liposomally encapsulated pen-G. The results were supported by direct measurements of the distribution of pen-G between biofilm and supernatant which showed enhanced values relative to free drug and a transient preferential uptake of drug induced by the liposomes. The study demonstrates that for low drug concentrations and short exposure times liposomal drug delivery greatly enhances the effectiveness of pen-G for inhibiting the growth of bacterial biofilms of the potentially pathogenic bacterium Staphylococcus aureus.